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(54) SURFACE PLASMON REINFORCED PHOTOVOLTAIC DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a device in which energy 
conversion efficiency is improved as compared with the conventional 
spherical photovoltaic device and flexibility is large. 

SOLUTION: This surface plasmon reinforced photovoltaic device is provided 
with a first metal electrode having aperture arrangement wherein the first 
metal electrode has a surface illuminated by the incident light and a surface 
which is not illuminated, and the one surface has reinforced characteristic 
by the resonance of the incident light and the surface plasmon on the 
surface, a second electrode which is arranged at an interval from the first 
electrode, and a plurality of balls. Each of the balls has a first part 
composed of one of P-doped and N-doped material and a second part 
composed of the other in such a manner that a P-N junction is formed at a 
junction between the first and the second parts. The respective balls 
correspond to the aperture arrangement in such a manner that one of the 
first and the second, parts is in electrical contact with the first metal 
electrode and the other is in electrical contact with the second electrode, 
and are arranged between the first metal electrode and the second 
electrode. 
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[*Mff»#<&l5ll] 

[11*91] wn<D&%mmt. TJUft^mmatit. 
nmRxm m * tix i * w t , bps s 

E£tf$SI!£;hT^fc^*ffi<&'>fc< t 1 ott, BufE 

. AW* t tfrE&ffi±<7)£ffi 7"? X* y t co*q||B ztfUB 

HfrEfS 1 0&Mftffa*t>NII&SVTE*£*ifcft 2 <d 
#«tt, JliaiWI!2 0»»«>|HI©*^«fcp 

l>\ iWEpfeS^ttn K-^h*W«)tt***-i-*ll2 
0>tt£fc*U 8&Ef&i*>awi3!2(OSl5 

* l *>3 W*JS 2 ©«$£©te##i»EfS 2 cd US fc SJa 
*«SiJB2©«ffioMKE*$iifca[»03*t, 

[ft*92] BillE3SWk»tttt, itfJfE7^-^-<D± 20 

*9 1 EttOfv^ 

[11*53] ftfiEilfltt, 1-5 v-f ? n*- hyKD 
ISfflT*) 5 M *9 2 EfcOf'V * D 

[11*94 ] fiJEfffltt, hA'-Ct) 
5IS*93Efc©T^-'f 

[ff*95] *rE»fls#tttt, MK^ 1 ©ttffi©ilflE 

5!f*9lfBf6©T/<-f 30 

yii, 7^-f-+-og(rS5E5iJ©#7^-f : +-^l&«j 
[11*97] fi&tt^S h#^97-f-oWE^^- 

>tts 7/N-^-Y-C0fiJEE?iJcO«-T/N-^i'-^®i9 

ltf*SO|KoJi^fi*)E?iJSrWi-^fS*95E«Or/< 

[1**98] MEIUoSMHlI I I -VfcfcSWi 
I I - V I 1 oT-fc 9 , fiiiEm 2 ©gflftttil 40 

El i i-vfcfcSWii i-vilMWK-* 
0, SgjKK-tfy^SJvO^ |f*9 1 KSc©7'/< 

[H*9 9] SiEBl©&#ttnMfc.5Wip£!©v' 
!>=^W1*-C*>9, tfrE»2©»#ttiltrEnI!*>5^ 
tt p SO •> y 3 y ©ftH^ffc 5 fi*9 1 fiMHDf'U 

[ft*9i0] ffitl%\RV%2<D®ft<Dl%ims& 



#§12002-76410 
2 

*9 1 St©f><^ * 0 

[tt*9 i i ] tute^ i <Dmim&m<nftm<n$m 
[it*9 1 2 ] bijeb i (D&mm<Dmmmw zntz 

t5fl*9lE«tW7V^^c 

[ii*9i3] sfife^i©^i«stm2<75*}iora 

ICE** It, «©ituEE?0£©9fflAT'l^ft£$f> 
ic^-rstl*9 1 fE*c©7VW *„ 
[ff*9l4] BJEJSEfrtt, «©MEE?iJS:e9ESB 1 

[a*9i5] meiKflca, ME*«>«(ne^HM«>iP^ 

ttK8tt£-£5fc»fc, *^t±T*feSlf*9l 3E«© 

[w*9i6] Miem'2c7?mffiicii^$itfc7>^- 

• W-r-££<btc^-r5»*9lE«©r^*o 
[11*9 1 7] BuE7y^-- W-t-tt, iEf^ 

Eg«»ffiM3fi«^$"blc^1-5s«*9l 6Et©f/< 

-rx> 

[»*9 1 8 ] iffiEHHB SftfcEERttftK Sfttv 
ftv^Btt*!^ tuE^#tt^ : ri-5W*9 1 Ei£© 

[»*9i 9 ] mmz&mbtz>'ptt< 1 1 1 

PQ i „ 

me'>&< i t i o<Dgpp p D^sti)i-5fcfeomji-efeo 

T, ffis&WMltmW77 X^e yaflsfcfitfc&^'V * * 

1 1 QfeXftS , AMftlwfi&gH 3*ifc*iiiXt«I9i * 
fix t . SMR $ *ufc*BBRtJ t liHW * tt 

Tv^7' t e^^^sw>7 , t e< Hi ott, iiEAlt?ti: ME* 

tt*r^Ti-57^-^-r-K»E?iJS:Wi-5f{10&R«ffi 

€-«tt s * 1 2 o»»olWo»*»l: p - 
tf«£*L5<fc5l^ pfc5V^ttn F-T'hWC^f 
ix*>©Jg 1 OSB^XV, SuEpfcS^ttn K-XhW 
<D{&j}%fii-ZWi2<D$!,ftZ%L, ®*(D$Ut. SJE3B 
1 *>5i^«:|S 2 ©»^«>l RUMBUS 1 

E^ 2 romffi i: S^Wtcjite LX ^ -5 i 5 l-ffjfE7^- 
^■Y-rtlcEft^tuTV^^ 7/<-^-V-OHuEE?iJtc 

ts?E^ i <D&mmm t % 2 omice* $ n 

Sr#t51IWB'>4<i:tlo©»fl«rB 
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[ff*92 0] ISE»fl:l#tttt, mw.T'<-?*-<D 

[ff*92l] MIBjtftli, l-5W*n>t-h;U . 
©$&fflT*&5If*92 Ote|©f/M^ 0 

[11*312 2] «f|Eiiatt/ftlW^B^-h/U-C 
*> 511*92 lElOf/^^. 

[»*9 2 3 ] SiiEStfbfttett:, SuE3? 1 ©ttH©ffi 

1 1 o©±tr^J!86<j3Effi h*V7 7-f-<0/^-ySrt 10 
72>li*9i 9E<&©tVW* 0 

0ffltM^ft< tf*©fl»ttE^J&#1-5M#«^ 3E 

[ff*92 5] «ffl8j*i5h#?*7 7<f-©irE/<* 
-Vii, 7/N-^^-(75fjEE?iJ« : S-7^°-f-^-^© 

Q®tt£fi<D®<Dm&}Bmz %i-z>tmm 2 3E«© 

[11*926] BSESBlOSi5»f4I I I-VR*>5^ 20 
(4 1 I -V I ®j¥gft© 1 offc 0 . me.fR 2 ©93#« 
fJEl I I-V^fc5^lil I - v I i^flsroWT* 

[!f*92 7] SJEJRlWSB^ttnSfeSVMipa^ 
->y ^01 MEfl2©S|3#f4jtfiEnSfc3> 

[tt*9 2 8 ] ftuEn 1 xtjcfg 2 ©gj#© 1 xitme 

ISi©^*«Si*«W^»ttt, MESS lMf 2© 30 
SB #©te3r lififc* 2 ©SH t ftftft (c^tt L T ^ 5 IS 
*9l 9!St(Df/M^ 0 

[If *9 2 9 ] irESH l <otilfttt1fttiM<Dtm<Dto& 
*9 2 8E*0>7W*. 

[ft*9 3 o ] DtnejR i (D^mmm^mmmm ztnz 

[lf*9 3 1 ] MEH 1 ©&JSS«i fc US 2 <7>«ffi©M 
(dEfi^ft, ^©iiuEE?i|£©9llA/T*^5i£ft£r£ib 40 
*c*t5»*9i 9Et©f/q^ 0 

[ft *9 3 2 ] jtuE^ftfi, SfcWllMBE^lWfclS 1 
®£*«ffifc$e>CB£-fS8*ffl"e&S»#9 3 IE 

[fi*9 3 3 ] «rE«fttt. $Hftm<ommn-m<D&# 

[iS*93 4] ittEJ(S2©«iJcHig**tfc7>y- 
• ^7-S:$bic^75sl*9i 9Etof/^^, 50 
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[f#*93 5] 8tjE7>^- • Uj-Y-lt. MEr^ 

[11*93 6 ] iltiEfiaw S^lEiiX^fiaW SttT^ 
4^*i5tt#fc, fiflE5i^#tt^^i-5«*9i 9E« 

[11*93 7] 3tejg«a7W*&f£K1-5#8rc-;fc 
ot, S^ft&S^fvW*^ 7/N-^-v-coE^iJSr 
G-fZ>%l<D&RWMk. ituEJgiW&JiW^'bPflll 
£B^TEII3;h/fcSB2©*tii:, 7/*— ©WE 
E?0fc:*t£ UmfES i iff 2 <DmM<Dffi\z& 

ten K-7h^©V^TtU/5^v'i^SU t , SuEpfcS 
v^in K-7hTO<Dte*^W75)= 3 7?rWU, f@*© 

U WE=7^ffE^2cOli^4:®^(^fi4tTV^5 
i 5 IdituET^-^ -rtfcEB Sfi/O"*, 7'<-*- 
•r-©MEE9JK:#J£ LituEH l ©MtiiI2 ©tt 
ffiro|fl£E«S*i/fc*R0>SR£r*rU fJE£&«, 

**#l!WEJB l ro4B««rt07/'«-f-ir-lw»*S:i-5 
flE«©E?iJ£!£(-t5f£P&<!:, 

irE=7omt5^SrEW-r5feftl-> it-lEv-^ 
© mJES* $ titz i * y I 1 ^ 5 & » i . 
»E»**ixfc3 7«)±fcllWB*2©*i«:*8rt-5a 

[11*93 8] 7/N'-^^-roE?iJ?r ; ti-5iilE^i 

lfflESffi©±fc:SS l ro#y T-*«EWfeJ&jfrf*8lfllP 

* y f - y / $ ixfc # y - *©E|IJ t *J*+ 5 » ^ 
WES lO#y^-WSr3Lyf-^^1-5 SWf"C fcot, 
IttE^y y ?-*ttWBf 1 (O/K y 

HUESffiRVatyf-^^^^fc^y ^-*©E5iJ«)±li 

ESB1 (D^Rmfe 5 BfJEStEW±W«t^^5aPi, © 

[11*93 9] WEJK«a»J4, *tt»»«d»fc«© 
SUE^ l Srtt* * * 5 - i: Sr^tf »*9 3 8 E$t 
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/Sill i»75X^«rfcffl-f$R£tt^*y-3:y 
*££M!**3 8EicCO£& 0 

[ i»** 4 2 ] Dtris^n on ^ita-t a apgn . «f 

[ft**4 3] ffirEBfe*©K»i, *«)JIWExyf-y^ 
$ htzm\ r t £^tfffi ** 3 8 IE 

m<D^m 0 io 

[11*94 4] tJiES^±, 7-feh>-Cfc5»*3S4 
3fE«C0*£ o 

[IS** 4 5 ] flfll£«£flri££ l <£>&JRWIK:@£1- 
3fi:|g££P>£-£tpffl!#Jl3 7B«©*& 

[11**4 6] mt&®fetZ&f%&m%iWi<D®<D^fr 
tt -5 =¥ Y y 7° t 5 £ 5 fc#»t 5 r t £ 

5-CiS>5$iiBf4»e>v^4S*3t*Jtl!fe*i-5a»Sr* 
55^tfW*JS4 5iEi<D*S t 

[11**4 7] BMExyf-^&Krtu jtufE^^KA 20 
**3 7ffit©*jfe 0 

[11**4 8] lltl8E*ft«gl!«li, »«S*Sr^tf»** 
3 7Rtt<&*jfe Q 

[If**4 9] iiiaitaSKi, Ifi^-Alf^. 
tf!f**3 7iE!fc<D£j£ 0 

[11**5 0] *WE*2©«i«)±l^y-r-afe» 
rittsaBSrS b(c#tff|*Jl 3 7Eic<75*-ffi 0 

[it** 5 1 ] mm* y ^Hi^ia^tttotfffitt 30 
[it** 5 2 ] saisas i <n&mwm<Dmm£tiiz$m 

3 7fa«(7D*ffi 0 

[%9)eiMll&Ki*] 

[0 0 0 1 ] 
[0 0 0 2] 

v) fvW7<£>&ffl{c:£tK sfUfflSK 

-ICiSg£&£ti£ 0 PVf^M7©«», 7*h 

«*&tWE?LW:p-n8£OrtfMMM£J:0 50 
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y H**5^(i/<yf y -^Em§§^ £ o 
[0 0 0 3] *fc— )Rftlc»4, PV*i/a-/i'fifeftS' 
I" 5 $ * * % 1 $ it 5 1 1 1 z £ 15 7° u - T p - 

$;7j£j&&£ (power generating skin) t Lt, Rtr 

[0004] fcisso^raHtsrua-ra 1 o©*$ 

(4, ZtlZtl R. A. Hartman £tf P. E. Koch CO, *B 
#ff 4, 6 6 3,8 2 8 t&^4, 6 6 3,8 2 
3*1/0*3* 5 fc, ■5I*ttC07 0 7^^y^£tg(-^*-f 

<Dfy<-< Stt^'M 7 (spheral device) t LT 
^ftX'Sb 1 ^ K.R. Carson f&C0*a#f ! F4 , 6 1 4, 8 
3 5-S-CM*$*l-CV5. dtUbCOElMKf /W7C9£f$: 

[0 0 0 5] 

^ (semiconductor sphere) ^r^L, ?Lfc^ $tt7c^:fi 
K-^h^Wp K-7*h^*ft«r^TL, — 7Jti?L 

[0 0 0 6] Lfc^oT, *?gP^C0@W(4, fl6*aHF»C 

[0 0 0 7] *|g?Bco{tilco@Wi4, mS$iJfflT-#5*e 
mfiT'UxX 9 t)^t4}wS£f«S7°7X^y5Sfb* 

[0 0 0 8] #3§$CD£(blC{&C0S#Hi, m^UffiT't 
[0 0 0 9] *|§^ro$f>{cft!lWg6*I(£, ±E(DB^Sr 

stau $e>(Ji^is | 9^*bJ5cv^ffi7 B 7X^>^k 
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K&mtiT'U * zmi&-Fz> z t xh%» 
[oo i o] *%w<o£b\^<Dmit, ±m<Dmz 

7*5 ^bftem^w * ^gttt -5 r t xh 

[0011] 

-ng^^20(Dgfc5^li^U (silicon sphe 10 

re) (Di/zLjVfDWWZh&T**)-?. • 4 V 7.7 /V / y H± 
W^Sff (Spheral technology) £ t> i ^< «fc 5 ft, rfr 

ii&S7n y hf;g<D7^-f-^-ft?)A#ftE?iJK:ft 

LT^5«#, Lfc^oT, (ef 
fective light intensity) <D?$^^#< 0 T^-f^ 

®mm^m&x-hz>£o\zmtx*$z><nx\ m 20 

ft ShST'^ LT&9f1-tt5^i 

[0 0 12] J: 5^857*7 X*ygfi{k3tSS^ 

r/W*li, 7^-^+-©E5ij^Wi-5miw#«« 

tzMwztitzmmRvmwzHx^te^mmztL. > 
ntmm £ tifcaffixiwaim § hx ^ ft <?»ft < 

Hlolt SuEASt)titiifE«S±£D«S7'7X^y 
-©E5"J«:*1-5»l<0&Ml;«i, i!uEf?l©ffl» 30 

v>m%mm\z®fc l^esi 1 ©&smn t m 2 ^an© 

WfcEtt£;h,fc«8©5*-e;fcoT\ fUlRXffS 
2 OSB»<0K©^Sl5t P - n $£#ffM £ft-5 i 9 
(C, pfe^^lin YmA<D^-fft,fr(DW,l (DWd 

1B*l *>*v^ijB2©aJ^rofl&^iflEJB2<0*1ii:* 

n-cv^s, 7^-f->r-oiiinEE?ijic»*suiiwa3isi© 

&JS*ffii:|g 2 ©«£©IB]fc:Efi3ixfc&#0>i*£*rl- 
[0013] &(b1*Htl£, $ 1 <*>&S«ffi<7>|g91 Sttfc 

ft, 'h£ft<&^, hZWtU&ID® (corrugatio 

n) ©±5*fl»waif h#^574-**ru &mm 

[0014] JtSt*(Wt«t*i^T. Sf§ 1 <&»£tt:*Hl 50 
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1-ftbt)^<73 3 7T'foi9, i/i/W±^l <&&R«Si:* 

[0015] tltM t 1" 5 y >ft < 1 1 1 
t . WE** < 1 1 1 o<&W,ft£»ft1-5 

[00 16] *]fi*a?'/<-f 3fc 

wtttsits. jtem^^/v^tt, 7><-7^-©ia 

?iJ£Wt53?i©&Stt1ii:, ffiCffi 1 o^HWid^ 

mmimzttfc LfiE^ 1 ©&mm® t % 2 ©«n©Pfl 

lc, p£>5Win K— 7* Mtfi-©V N f ! tt/5 i ©->^/uR 
0, SfFEpfcS^fin K-7*htt^©te**rWi"5='7 
SrWt, f@^co«(i, fjE->^/^iiiE^l©#RS® 
t«ftftKl*ttL, itj|S3 7^MEm2(0«fiitam6 < ] 
tC^LTV^<t9lciilE7^-^ J r-rt(ciafi$nT 
^5, 7^-f-^-©itrEI£^J(-^LItlE^l©^M 
2 ©««©MlwEll$ti,fc«jBcOP V 

t, #P V«/JS«rEJBl ro^JS«ffirt©7^- i 5 1 ^-^ 
3* J3?1" 5 WE P v *©E?iJ *WtfZ>Wflfet. buE > ^ ^ 

[0017] 7/<-^^-OE5iJ^*1 _ 5.iiJE^ 1 ©^ 

«<o±lc« l od# 'J T-«roH»ttEW«:»*-t-5ai» 
t , x y f-y^$ixfc#y -7 - «©E2W £ 5 fc * 

^-#J:"J/h$<, ^o^C^sm^i-SME^i 
o#y-?-Wsyfy^t6*»i:, HtrESKXU 5 ^ 

8M" 5 ft* t , x - 7 ^ y 7' $ itfc # y -7 - tUfSMSM 
^1^* L, j: UTtuE^ l to&mWM&Win&Sito 
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[0 0 18] *OHIJ<7)V^>Ec5*+ y7i>3tmirZ>£o 
fc, P vmt% 1 OA*«f H««JW-CH**ixT^5 

«t4b*v\ $<blc, Pvaostyf-v^jftBftt, f?2 

1"5 J: pic, gffli©tw<-.^y^4f5: 

[0 0 19] 10 
[^BJW^JfeOff^] HlRtMS2£#BB.t5£, 

Mfctttft 1 ?'^ xti7jkZtiX^&. 12 1 2 K 
fl^-r 5 *S**7*/ v * a, Rig © fc ft iciMfifls $ ti 

14, «t •? iE?6lC|l] 4 elCjjrfo IS 1 JWIl 2 tfoT, 
%MMJit'*"< * l 0 0 (4, L < f4&JI?S©f? l © 
ilfll0 6 (*W*I#|CJ3V»"CH:, ffcfc>9fc|Sl© 
WtMk^S) F^<07/<-f-^-l 0 4£7)|£?iJCDtl;:i*!jI 
SftfcS* L< !4->!) =V©£&©« (sphere) 1 0 2 20 
&*T1-*. $14, 0 8(e4 9£{£g(e{Sjf $ft 

[0020] fl02©Il 1 1 0 (4, g 2 ©isFIS 

# 1 1 2 k imn<Dm<D k-^v h (n&ai^rip) x 

«»110, 11 2©IW0>S*MlJ£fc, p-n»^-as». 
J5jc£tl-5 0 gl©95#l 1 OJttRl 0 2 ©*MRiJ©->xA' 
fc5W4»#-efc9, *2<0»»I4*1 0 2O«f^ = 7 

1 0 2^^tJ<Z>a5^t>' c f 3 ^(7)g|5^^^'1- 30 

B*5-Cfc5 9. gUOfllfiKTtt, PV$l42o©¥i£^ 

[0 0 2 1] *MM©g|5# 1 1 0 14, $102 tffomZtl 
X^ZfRWW&l 0 6 fc«*WfcJHttl/Clr*5. ifc© 
K*NKJI4, l 2*:»m-i-'BJ:5K:*iaSix, 

^©i&£, f-C^M 1 2l43l2©lfSl 1 4<fcSf(M 
W*ftkLTV*S. m 2<0WMi l 4 fr&flH-Sftfttta 40 

< , StiSttrory^- • w-t-i 1 6f4igE&£ 
f?ffi*i&fai l 6 a^li§:i fcT-£5 0 Miosis 

1 0 6rt<7)7^°-^-Y-l 0 4^LT«1 0 2 ICAW 
-fSfttt, tWllf ia^2<Dtgl0 6RU!ll 

[0 0 2 2] **WfcJ:53tfi«*7*/<>f ^ 1 0 014, 
14, ftl?^D^- h/H7>ii;g<£>/J>£^iRl 0 2H 50 
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*1" 5 aE*a* I- 4 5 7. 4, 9 ft 5 JWC* 1 ^ 

t, Pft£;lxa^-K£x7©*IW©JS[ll;:#e«^7 f 

kiS'Ptt < khl oo«^g|3 D D o 1 2 0 Sr*i-51**a 

©m^w^Bi 1 8 0 

[0 0 2 3] 4 9 Sortie, SE7'7X^^fbr 
/w* (ped) £Hi©miii L-c^ffl-rsr ti-4 

9 , /h $ v ^fIT-14 P Vr/V * 0££W&8!ispS:*« 
tilfcft+Srti^fB-CfcS. ^t5fflc4 5«ftrV< 
-i*©^&3W4, 3?i©«il 0 6f*i© 7'*- f- + - 
1 0 4©£E«fcJ;9fflPB$ft5. *5S«i::J:33teig« 
*x/<^ ^ 1 0 0 (4, 3t#7Jtt*JSl©«lil 0 6© 
flBKSftfcSffi 10 6a, fcavttfiBWSixTV^iV^ 
ffil0 6b©V^-f^/5\ fc5W4ffi:fe"©±©^ffi7"7X 

10 4 ©fl^&fpigc (fractional area) £t£3m±"f 

(4, *jg**«l 0 2#rt*$*vC^57'<-f-+-l 
0 4le:fctt5ft£il'p$-£5r£-Cfc9, Lfi^oT* 

[0 0 2 4] 3t¥«U-*v^*ffllHieg*SA»*ojBift 
lcjifc«v^-©7/<- < f ir-4rJT*>fttttf, ^wSS 

*©4S5, T~ (d/1) 4, Ktbffil-TSfcfc^S^H 
5„ LA 5 L, r©4 5^f-7'Sg7/^-^^r— (subwav 
elength aperture) ©EJIJ-C&JSlCftfctt-fS i: > *© 

^® !4Stffi 1 $ ft, HP le^igii (4 7 /< - f - ir - ic 

[0 0 2 5] /ttx(4, itSl 5 0 nm©7'<— 
©E?IJi*&^^9 0 0 nm^ttSWl^^t 
f4, ~1 5 0 0 nm(C*3^T*#V^ilit: 0 -^/!> s ^^ 
7/<-^- + -©«i»4*« (~5%) IC^LTIE^ 
(bLfc^-g-, ft^Sii (-10%) (41^®^, H»C© 
m-7/N-^^-lcWLT^if.$^5t)©tJtl!5tT, 
l5fJ'3«T©?S{b(C*l-)^1-5„ ( T.W. Ebbesen fife, Nat 
ure 3 9 1 , 6 6 7 (1 9 9 8) #gB,) „ 

[0 0 2 6] Z<Dfeit (enhancement) (4, XM%k& 

W*fl|jgl4, ^iltbi: (grating momentum) 
T, mM^7^=c^k^Wt^V^ (grating coup 
ling) £°Tfg|e-f5 0 tt*i:LT±-f5^K- ^ + 
^5 A 14, AW^OBBSfet LT^i§*S'J^i-Sr kt£ 
9 H^S r t ^T*# , x^^df-&ut«Bi:©«S* J * 
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14, @#T&$: (diffracted order) ^^©^Bl-IEjg 
-fZ>k%\C s [HltfT^ (diffraction grating) 
-th^V Y<Dg1$\z£Z)i><DX'hZ 0 [H.F. Ghaerai 
Phys. Rev. B 5 8 , 6779 (1998) 

4©E7re*>5&gfift< N Wei O 6©±giM (SB 
ESftfcSffil 0 6 a) fcSVMiEffiSS (JSESftT 
(^ftl/^ffil 0 6 b) <D\/^-ftlfr<D±.<DMfrE fc-5>/M4 
/h£ft<t?&2 0 2©Jifflift©E?iJ©J;?ft, ttf^S 10 

— 07'<— f^-t^H-saSH:, ¥ffiftfl£A©7^- 

f-t-oitiiiJt^LT, iiwti©^tn^tB 
©±©/h £ ft < f£^©E5'J©#£K J; 9 , (dttM * 

?ij©t&^£tic4 9&££ft5©T\ asi-srtispr 

tlTfcSo [ D.E. Gruppffc, Adv. Mater, 11,86 
0 (1 9 9 9) #BB] , 

[0 0 2 7] £ fefc, ^S#® (surface feature) © 

ft2iS»ft«:#5fc*K:»4 x 7oro^o5 =EW 
#«>eai0>w<*Sv*M» T+^-e*>5. ft©±3fil 

(total transmission) (4, ^-t— ffifldJ; 9 

JtttU SftfctfL-C&S -?*>*. ¥iBft&JS8fl 
rt©ifi-©7/°-^-Y-©jIi®{4, (d/A.) 4K1JEC. 

TilK+S. Lfciiot, ftat#jft3iS3fite»4, 

[ P. Thio (til, J OS A, B, 1 6, 1 7 4 3 (1 9 
9 9) #BB] . 30 

[0028] 7/<-f--r-* J 3tojSftJ:9/h*v % iL"C 

<b, 7/^-^^-^t>feittiit7tro^*tt, 7/<-f-+ 
-KK&A$t1-5ft<7> 2f&K < ft 9 #5 i t #93 

^•-^^-<Di£<T->i 0{g3£{fc$ftS- Itfis 
^L-T&9, rftf4, *«««r*4i-**#iEltfc{S[it 

fc»t*;ftfcf&l©*ffi 1 0 6rtW7^-^ + -KJ: 9 £ 40 

%j)r>^ * 1 o o ©»-frW*«»a*fr**»wBifl:l- 
5„ ^iroiii0 6it &lfe0fcsftfittfc9ft0|*ff 

[0 0 2 9] «SRO«ffiKl*JV^r^ra ( 1 = 6 0 0 n m 

-ifci-5<t^ic, «©E?y©glH^ 
W^SrSS<k-f5ri:tt, &gT*l4ft^;3\ #*ijT*fc 
§ 0 ft*tt*^3H*p-n»^oaje^^^ h/W4, * 50 
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(long-wavelength cutoff) t, Sffit*5»t 4 
9Pl^$^5«A^$(cj:9 4tlb^5SS**-7 
7 (short-wavelength cutoff) . "Cfti^£^"t"„ 38 1 © 

«gi 0 ewiiii^^^ h/W4, 7^-f-+— EJiJrotS 
0 6lc:«fflSJi5AIS©**ttttlt©P[ 
"C, 3?l©t;}il 0 6©^*^ b/H4, ftSS^r 

[0 0 3 0] mi 0 2©tt*fc*afM-$«*u*m 

(4, I I —V I RfcS^li I I I -VRMSt-fel 
*©#<f±^rffi«Sfflrt^/OK- ^y^fU *:&§ 

Ywfc^^fkk&h— SrfS. L^L, 
k«fflWft«sK'fc9, HKfcR£fflfc£Si*ix5*li 

[0 0 3 1 ] $ 1 0 2 (4, fl»«WWfi'Jfe^ i 9 

i-«/h^-r#*, {c^w^a^i 9ffl^stTsic(4^ti- 

f5©T, r©ft$©^m (filjimgl) 

1 0 2Srf^»1-5 ri:»4«Rg-Cife So SB 1 ©Sfc&tt:, 
FjrS©-+£<fc 9fI/i»t£/h£^iI£L< fi&JR©«a»e>3lJ 

to, *©&£¥»#© 2 o©i-?-t;h,£Sv\ *mm s 

2 o©Jf ©Jg ttas#fc p -ng^tMtS 4 5 £1*5 

©ft^witai-isriTfcs. m2©swte«, as 

^5/im-e|5]C< p-n^^ft5iv^i^ffr 
*fc*MJU ±$©4 51-, ISL<liP=6 0 0nm 
lCffiV*a9J&fl»ttt:*rt5fi (corrugation) fcSl^ 

tt/hS4<»3c*2 0 2©i 5**B/<^-^S:fMW-5 

[0032] ®iae-^©*if4, «gi ©mm 0 6©# 
^tti4Ktft#i-5a«, hi ©miii 0 6©a?Ei 0 6 

a. 1 0 6 b©^{fffl©i^$©|Sllrt©95^©^-l-fe 

#1-5. ^©ir^, ai3ift«r'bfcfe'ft>©»4*iB 

7yX*^V$>S. Ztltt. |[10tSl0 6 0*S! 
ft, hZ>W*, =7Sr3fa©ttM*W&U { «fte*»tt 
(frit (4, iii3SS, iSi»®^) icil£-;i-£5r 

a , 106blt f 102 ©*fi«**8WWca#i-« 
fctot^ft4#i4(cM LT?4lAl(c:iiiR1-5 1 i: RTtttf 
fc5o (D.E. Grupp, H.J. Lezec, K. M. Pellerin, T. 
W. Ebbesen, Tineke Thio, ^-f^MJ '<—f\ — % 

frt 5 HHk $ tifcSii lwfc»4 5 ^l*ffi©S*WS#J J 

Appl. Phys. Lett., 2 0 0 0^9^, ^gi^^, # 
.1) „ Sffil 10 6a, 1 0 6 b (4, "I^lflSK^*3l^T 

*v ^ t k v *ai* *r*i- 6 a s 7 s 7 y»{ m 

j§f-^^r^L, Lfc^oT, 7^*-^^-©i£<t7 
#H4U>. 
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[0033] Stic, t^iat^aim^ 

1 9 9 9¥l 1J! 5 BttK®n*ftJRtiia*IStt 
■fftti^#^0 9/4 3 5, 13 24§-T\ J; 9 l¥iWtwR 

BJ3f34?(c, iSi:fr©Sffi©±(;:lsl-©Sffi©&;&s#i£ 
f-5$lt\ ?Lfctt$;h.fc£l0>ttIl 0 6©2o©ffi 
(10 6a, 106b) IroilMft (12 4, 1 

0 8) ©ffl8r*$rB£$ii:5r£»£.fc9, £*vu-7> 

ft 1 Oil 1 0 6 rt©7/<-* + - 1 0 4 £;frf 5*Rt 

H^yy^&^ibjt/tgflif Hi 

(&5I/M4;*— ■ U-Y-t- 1 2 4 tPf-S) ©JgtFr* 

i o 2 a^w i ©m& 106* B&fcStt 

«tf#U^itt, #n§£ftf4$SJ£$ft5 0 ^©ft2© 

mmmx n 1 o 2 *<fciifcHj&i-si*#jH losx-t) 

4<, &5W4, ?L*>»t*lxfcfE 1 comH 1 0 6©EI 
Sr±tt0-f5*v^»«*li 0 6 cftiv^ f£#©» 20 
^Ctt, RSftl 10 6c ©J?$f4, SI^7X*y • 

00-200nm, TftHtltf 4 t>4v\ 
[0 0 3 4] *«Wft*iBait|£ffli-5lctt, gfctt© 
fcfcK., ft 1 ©US 1 0 6 rtOTA'-ft- 1 0 4 ©E 
WfrftO, T^-f-^-1 0 4F t 3lCl^iift:«l 0 2,£f*l 

tfTtS. *®«©#©2jfc7cE?iJ£#5afl?fi, as? 

$#LT:io9, WdioT, fifK: 6 ifcfe 
1% 6;frfl:£;*i£t4, ]E*JB©EWOJ:54tt«)EJilK: 
Jt^T, 3lfltt#Sfc:3Mbt59Jro«j&*Wf 3. ( T 
ineke Thio, H. F. Ghsemi, H.J. Lezec, P. A. Wolff, 
T.W. Ebbesen, J. Opt. Soc. Am. B. 16, 

1 7 4 3 (1 9 9 9) ) „ 

[0 0 3 5] «102 (DfttD&fr 1 1 0 14, ft 1 ©«S 

iQsbot-mmmfctzzoKXfcx*, fti© 

W&i 0 6t««ttJcB£SnTv^»tiUi4e)<tir\ 40 
r*ui, PMMAoi:/iiM»i0 8 (fee 
BE Lfc«t 5 K»«JW-e*>oT fc 4H 
(tz t */< y$ x ) y7\z.£ 9) icxyfiizbi**! 

#1 1 2ft>&ft20«ffl 1 4^feftfcrmtffcfc& 

t5tci4, *©«t».M»£i l 2©aMRWfc*ffl<&fcit><& 

ftuftfe t m^^b-frfefb^w^ y f- v 7 <n>m &m% 50 
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U\ &3VM4, «fr«MB£i 1 2 £Bfc^-C*MftlgB# l 1 

0 ©#•£:£ yf-y^f z.-yfl/W- 

ttttfc£ttfcJMI-ct>Av\ 1.1 i-vgiRUU i-v 

E*ffeS#, ft2©ffill 1 * 2 ©®§ 

1 1 4(4, ^yT-fcsv^ttflfcwlftlWfcwftRo*-^ 
- • Wt-il 6K4 9Sfr*i-Cb4i>\> 

[0 0 3 6] rc07°nir^.f4, 0 3 3 - 3 e $.U<0 4 3 
-4 e lC(5i|^$tlT^5„ 03a-3et4, ?Lfetf£tl 
fcftl©«ffil 0 6*ff»1-«a*U^o-fe^tr«3% 
LT^5 0 [Hsginoya, C. , Ishibashi, A.M., Koike, 
K. , Applied Physics Letters, 7 1, 2 9 3 4- 6, 

(1 9 9 7) ] 04 s-4 e(4, #3&9JKJ:5ft 

LV^nir^Sr^tTVS, - -"C0 3 a £#HSf 5 
I'-f ■V—Kufc5"Cfc5 5) 3tRl 2 4 
#*-f{fcf&3*t5 0 S«12 4(4, i65*-C*>iitt^r*tt 
irt5:ti J t'f5, 0 3 bldjjH" 4 5td, ^©S$l 

2 4©±i:, *tefi&«»j*»e>iiSftflsl-i 9 #y -9— *3 
o 2©2&7c©E?!ia s $j?fc$ii<5. zroi^*^*^ 

SH4, HffiK;^*tc4 5«3 0 20>H©MtfJ43l#K 
ftfiFU J$3 0 2©ttgt$U^ft ; ?-£8**rl" 5^3 

(R9ll^5-l 0»^£ft£A±) -eeti 
PS t) , *©J: $//^Pfett?L*>»t$*i/fcai«>«*l 0 6 
fr fi-f 5 fctt**fctt*-£LfcV\i r© 

[0 0 3 7] 0 3 cZ&m-fZk, 7*nir^©ft©©l® 
{4, ztf | J?-t3 0 2OK7-l'i-7f>'^M'giL, 

fttiW^ * *, s©e?ij t pi t»^€**:*rt * ^ * v % 

|3 0 2 a ©SWUfcEWSr4-f 5. R(-^MSI3 0 4 
^, L< f4^S*fc5VM4«^ t-^^*ic4 «J , 
0 3dl^f45t-, it^^ttS, ^3 0 4©^*©^ 
IC, S4L<(47-fe hy-C&fiff 5^*1-4 "3, 03 e 

B$tbfc7/<-^-v- 1 0 4Sr^f 5?Lfcft$^fc^JS 
Ktnci. ?Lfc(t$nfc^J»K{4, SlWtffil06t 
LT{4Hfflf5 0 03 3 - 3 e (C/T:tyair^(4, fiFll* L 
to^t^JiStrot'fc^ *%B^ic4 5©lllra!iJP5f 
5t©-ett4v\ ?Lfc»tSnfc«l©«Sitt, *38W© 

mm h 5 v ^ tt&af & jwn-frf > ^^©^D^y 
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[0 0 3 8] iiT?B4 a*»e>H4 efclMBl/t, ttgc 
<DJ$ 1 0 2 ©ffM&tf^ft 1 &?>*m 2 AtS 1 0 
6, l i4fc©8H*fcRiPl+3. H4 afcij*i-J:5fc, 
« 1 1 0 6 0±tC. p-ng^^tt5¥«W 

l o 2roEJiJMfi$t5, rtifcosRosflitt, mi 

Stttt7'<— f-*— 1 0 4<7)fiR{ClgiJ^-l (inde 
ntation) fctfU a*l#¥***EW©flHI (ffi 
IB) £@£1~5„ ^g$$10 2<DiM 

icT'fc^-<tT?fc5o ) *1 0 2I±, fKOtlil 0 6 

MT**tfc*>5 r t u^#fl! lost, mi 

<75®f 1 0 6 jxTVSo g*^J 10 811 * 1 

0 2 t^l rolll 0 6<DPfl{c&<gig1-3fc*(C s 3 

0 20»^4 0 2*r»3t-r*fc*k:, aSlXttK?-* 

• syf^ctu, « i o 2 o±td« $ hitrnmi 1. 

0 8#|&*£;fc,5 0 

[0 0 3 9] r£-CB4b$r#!H-r$£, #«M*tt*: 

«3ttt«flli4 0 4l*iH7/'«-f--r-4 0 6*41*5. 7 
^-f- + -4 0 6(Dtt^li, ®3fcty»IH4 0 4 01014 

t Lxim-rztzft^ mft&mm4 o 4©± 

[0 0 4 0] 124 d(C*"rJ:5fc» #1 0 40 

2<ofwm&i i owij/f^ms. 

0 8. fcSVMiJSJtttafli^yf-^/ • 4 0 4 a 

• *y H 4 0 8roSttli, H4 efr^i-i^l-tt^-t'- 
*6fllS*uS«2«)Wi 1 1 4 i, *MHIW£l 10t»t 
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ftgSl 1 8fc@£i-5fc«>fc: A 8*1 1 16a^l 
Ttiv^y^-l 1 1 6£, H2©tSl 1 4©±IC 
^*LTt><fc</\ 

[0 0 4 1] *igft<DS$«ftl (-rftfefc. ZtiZin,* 
-/<— • W-V— RXIT'y^- - U"f-t— 1 2 4 , 11 
6) a«, 77*?-y*©J:3&»rail4©*m. fca^tt 

RtH"5wi:^"e*5. /<- ■ W ■¥"— 1 2 4 ©8 

fc58il©l»ffljifflfc»it6«*4j5R«* (power gene 
rating skin) t tt, ?'U £ t (4H^ 

ftT'ifcSo w©«t3^S)$ix5S^ggl 1 8 tig 
*©^i±, Klr&ffiit© = V t° =. - ^ ©fljffl i fl&il 

[0 0 4 2] *^P^IC t t?>&ii^te0iJt#^bix5'bro 
LiftSU Lfc (c ± 5 fclft-T 5 

[BiE0ffi¥ttK91] 

[02] n i offfi^^x? ^ififkjtet:^^^^© 
[H3] hi i (Dm^?? x^yimyt&n.ii'T'U 

[04] ai©*ffi7*7X*y»ft3tfift^^^© 

1-0 

[=f?^(73tftPJ] 
10 2 « 

10 6 mi «>«i 

1 0 8 &*$] 

l 1 0 ^HIIW^ 

1 1 2 =t>^W^ 

1 1 4 31 2 cons 

1 1 6 7V#- • W-t- 

1 2 4 ^"-/<- • L/^f-V- 
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